I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Mediastinal and paracardiac lesions, whether congenital or acquired, are usually first diagnosed on a chest radiograph or echocardiogram. Often, a computed tomography (CT) is obtained to further delineate these lesions. Such a CT is commonly obtained as single venous phase acquisition due to the radiation risk inherent with CT. Although CT is superior to radiographs towards documenting the lesion and its effect on surrounding structures, evaluation of enhancement characteristics and direct extension into the adjacent mediastinal structures leaves much to be desired. With its intrinsic superior soft-tissue characterization, magnetic resonance (MR) can better delineate these lesions, their internal tissue characteristics, and identify adhesion/invasion into adjacent structures. Even though multidetector CT continues to be the modality of choice for identification of pericardial calcifications, magnetic resonance imaging (MRI) is the best imaging modality for comprehensive examination of the paracardiac/pericardial abnormalities and their impact on cardiac function such as pericardial constriction.\[[@ref1][@ref2]\] Lessons learnt from neuroradiologic, cardiac, and abdominal applications of MRI can be used to tailor mediastinal MR for such paracardiac lesions identified on thoracic CT.

There are excellent reviews on the evaluation of pericardial thickness, constriction,\[[@ref1][@ref3]\] and mediastinal cystic lesions\[[@ref4]\] in the literature. The purpose of this article is not to describe these but to describe the incremental value of MRI in further characterizing such mediastinal or paracardiac lesions which may appear hypodense on CT but the measured attenuation is more than simple fluid. On CT distinguishing their organ of origin can sometimes be difficult: do they originate from the pericardium, adjacent mediastinum or adjacent pleura/lung. In addition, identifying encasement and invasion of malignant lesions can be suboptimal on CT. Thus, MR imaging in this subset of cases can provide important information, which has additional diagnostic and prognostic implications.

A[NATOMY OF THE]{.smallcaps} M[EDIASTINUM AND]{.smallcaps} P[ERICARDIUM]{.smallcaps} {#sec1-2}
====================================================================================

For the purpose of formulating differential diagnoses, mediastinum can be divided into 3-4 compartments, but there are no clear-cut physical boundaries that would limit disease.\[[@ref5]\] International Thymic Malignancy Interest Group -modified classification of mediastinal compartments is useful for cross-sectional imaging and includes prevascular, visceral, and paravertebral compartments.\[[@ref6]\] Contents of the visceral or middle compartment include esophagus, trachea, thoracic duct, and all the structures within the pericardium (heart, aorta, and pulmonary artery). Pericardium is a conical fibroserous sac surrounding the heart and origins of the large blood vessels\[[@ref7]\] \[[Figure 1](#F1){ref-type="fig"}, illustration\]. Macroscopically, it is composed of three layers-outer fibrous and inner double- layered serous. Serous pericardium includes the visceral pericardium/epicardium and the outer parietal pericardium which is adherent to the outer fibrous layer.\[[@ref8][@ref9]\] The serosa forms a complete sac filled with up to 50 mL of plasmatic ultrafiltrate and is separated from the heart by loose epicardial connective tissue and a single layer of mesothelial cells.\[[@ref1]\]

![Illustration demonstrating the normal anatomy of the mediastinum, pericardium, and adjacent paracardiac region.](JCIS-8-10-g002){#F1}

M[AGNETIC]{.smallcaps} R[ESONANCE]{.smallcaps} I[MAGING]{.smallcaps} S[EQUENCES]{.smallcaps} {#sec1-3}
============================================================================================

The key MRI sequences useful for characterizing mediastinal, pericardial, and paracardial (lesions which are adjacent to but outside the pericardium) are described in [Table 1](#T1){ref-type="table"}. Use of electrocardiogram (ECG) gating and respiratory breath hold results in decreased motion artifacts. Cysts and benign thymic lesions and invasion of mediastinum/chest wall can often be characterized without the use of intravenous gadolinium-based contrast. This is especially important in patients who cannot receive contrast for either CT or MRI (renal failure, history of anaphylaxis to previous contrast medium administration, etc.). Contrast-enhanced images are useful to further characterize the enhancement pattern of solid lesions and can aid differentiation of benign from malignant lesions. Each sequence adds value and helps solve the jigsaw puzzle that such lesions may present. Depending on the clinical question to be answered, sequences can be added or removed \[[Figure 2](#F2){ref-type="fig"}, Flowchart\]. Respiratory navigator may be used in patients with dyspnea and inability to hold breath. Arrhythmia rejection or a peripheral pulse unit may be used in patients with inefficient ECG gating. Spin echo sequences can be tried in the presence of susceptibility artifacts due to the presence of metal such as sternal wires, prosthetic valves. Modification of metal suppression sequences as described for musculoskeletal imaging can sometimes also be useful.\[[@ref10]\]

###### 

Different pulse sequence useful on MRI in characterizing mediastinal and pericardial Lesions. The suggested imaging parameters are for a 1.5 T MRI (these may also differ on different vendor platforms)

![](JCIS-8-10-g003)

![Flow chart illustrating an algorithmic approach for imaging the mediastinal and paracardiac lesions identified on computed tomography which may need further evaluation with magnetic resonance imaging. Contrast-enhanced magnetic resonance imaging with subtraction images are useful to identify subtle nodular or septal enhancement. In patients with acute or chronic renal failure gadolinium-based contrast agents should not be used due to the increased risk of nephrogenic systemic fibrosis.](JCIS-8-10-g004){#F2}

M[EDIASTINUM AND THE]{.smallcaps} P[ARACARDIAC]{.smallcaps} R[EGION]{.smallcaps} {#sec1-4}
================================================================================

Paracardiac and mediastinal lesions can be originate from the mediastinum or adjacent pleura and lungs. They can be benign or malignant. It can sometimes be difficult to identify the site of origin of these lesions on CT. Key imaging characteristics that help in characterizing these as benign or malignant are presented in Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"} and also explained in the individual figure legends. This brief pictorial essay describes how different MR sequences can be used to further characterize hypodense mediastinal and paracardiac lesions seen on CT with measured attenuation more than simple fluid (about 20 HU). The MR scan obtained for such cases can be tailored to lesion being evaluated, not all cases need to be scanned using all the sequences \[[Figure 2](#F2){ref-type="fig"}, flowchart\].

###### 

Imaging characteristics of benign mediastinal and pericardial lesions on MRI

![](JCIS-8-10-g005)

###### 

Imaging characteristics of benign mediastinal and pericardial lesions on MRI

![](JCIS-8-10-g006)

T1 W[EIGHTED]{.smallcaps} {#sec1-5}
=========================

T1-weighted (T1W) sequences depend on longitudinal relaxation and can be obtained as spin echo or fast spin-echo. These require breath holding in end inspiration or end expiration. Images can also be obtained with ECG gating with late diastolic acquisition to reduce cardiac motion artifacts. Protein-rich contents, fat, melanin, and blood are bright on such images. These are usually obtained as inversion recovery to remove signal from moving particles such as blood (Black Blood). Bronchogenic cysts can appear hyperintense to muscle due to the presence of protein, mucoid, or hemorrhagic material.\[[@ref4][@ref11]\] Metastases from melatonic melanoma \[[Figure 3](#F3){ref-type="fig"}\] can also appear hyperintense.\[[@ref12][@ref13]\] Fat-containing lesions such as lipoma, liposarcoma also appear hyperintense on such images. Epicardial fat deposits can be seen in obese individuals and are 3--4 times more prevalent along the right ventricle compared to the left ventricle.\[[@ref14]\] Pericardial hematoma \[[Figure 4](#F4){ref-type="fig"}\] appears hyperintense on T1W images.\[[@ref15]\] Constrictive pericarditis is characterized by increased pericardial thickness leading to impaired ventricular filling with elevated intraventricular pressures. Pericardial constriction/thickening from such hematomas can be evaluated by ECG gated cine MRI \[[Video 1](#F5){ref-type="fig"}\] which identifies diminished anterior-posterior diameter of the heart, collapse of the right ventricle, or right atrium during diastole. Right ventricular filling normally increases on inspiration. Real-time cine sequence performed during deep inspiration can identify paradoxical motion of the interventricular septum towards the left ventricle. The presence of macroscopic fat can be confirmed using fat saturation techniques.\[[@ref16]\]

![A 55-year-old with past medical history of the upper extremity melanoma 12 years back, now presenting with a newly discovered mediastinal mass on annual surveillance radiograph. Contrast-enhanced computed tomography (a) demonstrates an anterior mediastinal mass (white arrow). Is this a new metastasis or a primary mediastinal malignancy? Thoracic magnetic resonance imaging obtained for further characterization. T1 image (b) shows high- signal intensity. Increased signal intensity on T1-weighted images can be seen with melanin, blood and protein. T2 image (c) shows increased signal within the lesion. High T1 can be seen with melanoma. The lesion demonstrates contrast enhancement (d), excluding a hematoma or a proteinaceous cyst, and thus confirming metastatic melanoma. Another T1 hyperintense lesion was identified in the right major fissure (not shown here) consistent with metastasis. Biopsy was performed only of one lesion that confirmed melanoma.](JCIS-8-10-g007){#F3}

![A 55-year-old with a history of factor X deficiency, chronic obstructive pulmonary disease, and cirrhosis being evaluated with ultrasound as part of pre-liver transplant workup, which demonstrated an incidental mediastinal mass. Contrast-enhanced computed tomography (a) obtained for further evaluation demonstrates an anterior mediastinal/pericardial lesion (white arrow). Is this benign or malignant? magnetic resonance imaging obtained for further characterization demonstrates increased signal intensity on T1 (b) and pericardial constriction on steady-state free precession (c) images. Postcontrast images (white arrows) at a more inferior level demonstrate no contrast enhancement (d: postcontrast venous phase; e: subtraction image). This is consistent with pericardial hematoma with constrictive pericarditis and this is the likely the cause of the cirrhosis. Patient underwent excision of this lesion. The properties of hematoma evolve as the lesion moves through acute, subacute, and chronic phases. See also [Video 1](#F5){ref-type="fig"}.](JCIS-8-10-g008){#F4}

###### 

Electrocardiogram gated four-chamber cine steady-state free precession image demonstrates pericardial thickening with an organized hematoma. There is restricted motion of right atrium at right ventricle with paradoxical bowing of the ventricle septum.

![](JCIS-8-10-g009){#graphic1}

I[N]{.smallcaps} P[HASE]{.smallcaps}/O[UT OF]{.smallcaps} P[HASE]{.smallcaps} {#sec1-6}
=============================================================================

Differentiation of a thymic lesion that is not fluid attenuation can be challenging on CT \[[Figure 5](#F6){ref-type="fig"}\], thymic hyperplasia\]. Chemical shift MR imaging can be used to differentiate thymic hyperplasia from thymic tumors.\[[@ref17]\] Thymic tissue reveals homogeneous decrease in signal intensity on opposed-phase MR images.\[[@ref18]\] A chemical shift ratio (CSR) determined by comparing the signal intensity of the thymus gland with that of the paraspinal muscles can distinguish between thymic hyperplasia and tumors. CSR of 0.614 ± 0.130 is seen with hyperplasia compared to 1.026 ± 0.039 seen with thymic tumors.\[[@ref17]\] Fat saturation performed with either T1W or T2-weighted (T2W) sequences saturates or reduces the signal of gross, macroscopic fat as opposed to in- and out-of-phase chemical shift MRI which suppresses the signal of microscopic fat.\[[@ref16]\] Teratomas commonly occur in the anterior mediastinum and contain variable amount of macroscopic fat \[[Figure 6](#F7){ref-type="fig"}\].

![Noncontrast-enhanced computed tomography (a) being performed as part of metastasis work up demonstrates a nonfluid attenuating anterior mediastinal lesion (32 HU). Noncontrast magnetic resonance can be useful to differentiate benign condition such as thymic hyperplasia from thymic tumors. A chemical shift ratio is calculated by comparing the signal intensity of the thymus gland with the paraspinal muscle. b: In phase sequence, c: out of phase sequence. Postcontrast-enhanced subtraction images demonstrate no contrast enhancement (d). In this case, the chemical shift ratio = 0.60, with no contrast enhancement seen. This is consistent with thymic hyperplasia.](JCIS-8-10-g010){#F6}

![Mature Teratoma. Contrast-enhanced computed tomography (a) being performed to evaluate a mediastinal lesion identified on chest radiograph in a 50 y/o patient presenting to the emergency department with chest pain demonstrates a complex calcified fat-containing anterior mediastinal lesion suggestive of a teratoma. Fat planes with pulmonary artery were effaced raising the suspicion of adherence (white arrow). This finding is important to assess preoperatively as the surgical approach may change. If the pulmonary artery is indeed adherent, the patient may need a cardiopulmonary bypass at the time of the resection. T2-weighted axial magnetic resonance imaging (b) demonstrates heterogeneous fat suppression. What is the cause? The shim volume at the time of acquisition was too large thus only the postfat is suppressed. Precontrast T1-weighted magnetic resonance imaging (c) obtained with corrected shim volume for the acquisition demonstrates adequate fat suppression with focal nodular enhancement (d). Cine steady state-free precession demonstrates the lesion adherence to the pulmonary artery. Pericardial adherence was also confirmed at surgery and required small pericardiectomy.](JCIS-8-10-g011){#F7}

T2 W[EIGHTED]{.smallcaps} {#sec1-7}
=========================

T2W sequences depend on transverse relaxation and can be obtained as spin-echo, fast spin-echo, or single--shot fast spin echo (SSFSE). SSFSE is low temporal resolution but comprise of a single-breath-held acquisition. Inversion recovery or black blood sequences can be obtained to differentiate moving protons such as in blood. Water density fluid, fat, and blood can appear hyperintense on such sequences. Mediastinal invasion from paracardiac tumors can be assessed by evaluating fat planes adjacent to cardiovascular structures \[[Figure 7](#F8){ref-type="fig"}, Lung cancer T2W coronal image\]. To identify intact fat planes, it is imperative not to use fat suppression for such an indication. Intact and smooth fat, low-signal line between the tumor and the contact structure, and absence of tumor protrusion into the contact structure, is suggestive of absence of invasion. Capsule of cystic mediastinal lesions can be assessed on T2-weighted sequence as low-signal intensity rim measuring \<2 mm. Similarly, septa are also typically \<2 mm in thickness.\[[@ref19]\] Heavily T2W sequences have been used to differentiate fluid containing lesions such as hepatic cysts from adenoma.\[[@ref20]\] Fluid attenuation inversion recovery using a half Fourier single shot spin echo has been used in the abdominal imaging for MR Cholangiopancreatography. It has also been used to confirm fluid attenuation in hepatic cysts, thus helping in differentiation from hemangioma\[[@ref21][@ref22]\] without the use of i.v contrast. In our experience, nonsolid benign mediastinal lesions such as pericardial cysts \[[Figure 8](#F9){ref-type="fig"}\], fluid in pericardial recesses \[[Figure 9](#F10){ref-type="fig"}\], and simple thymic cyst \[[Figure 10](#F11){ref-type="fig"}\] also appear homogenously hyperintense on such a heavily T2-weighted sequence.

![A 60-year-old patient with newly diagnosed lung cancer. Contrast-enhanced computed tomography (a) demonstrates a right hilar mass with computed tomography findings suggestive of pericardial invasion. In addition is there cardiac invasion also? T2 image without fat suppression (b) demonstrates loss of fat plane between the lesion and pericardium and let atrium (white arrow). Steady state-free precession image (c) demonstrates direct invasion of the left atria, which was not very obvious on computed tomography. Cine steady state-free precession demonstrated the absence of the sliding sign confirming left atrial invasion.](JCIS-8-10-g012){#F8}

![Chest computed tomography being performed as part of metastatic work up in a patient with cirrhosis and hepatocellular carcinoma. Axial computed tomography (a) image demonstrates a nondependent fluid collection in the right cardiophrenic angle abutting the right atrium. Could this be a necrotic lymph node, loculated pleural effusion or a pericardial cyst? Fortunately, same day abdomen magnetic resonance imaging was also being performed. Addition of a T2 (b) image demonstrates this to be hyperintense lesion at the cardiophrenic angle. A heavily-weighted T2 weighted (c) coronal image (similar to a magnetic resonance cholangiopancreatography) confirms fluid signal intensity, a finding consistent with a pericardial cyst.](JCIS-8-10-g013){#F9}

![Axial contrast-enhanced computed tomography (a) in a patient being staged for a metastatic cancer demonstrates a hypodense lesion posterior to the superior vena cava but abutting the ascending aorta. Is this a cyst, fluid collection or a necrotic lymph node? A heavily T2-weighted sequence (b) demonstrates fluid signal intensity, which along with the location is consistent with fluid in the periaortic pericardial recess (white arrow). Less likely differential may include an atypical location for a pericardial cyst. No further follow-up or imaging is recommended.](JCIS-8-10-g014){#F10}

![Low-dose noncontrast lung cancer screening computed tomography (a) in a patient with more than 25 pack years of smoking history demonstrates an anterior mediastinal lesion measuring 28 HU (white arrow). Is this a lymph node or a benign lesion such as a mediastinal cyst? T2-weighted images (b) show that this lesion has fluid signal. Fat-suppressed T1 image showingthat the lesion does not contain fat or septae (c). Postcontrast images (d) demonstrate no enhancement confirming this to be a thymic cyst. No further follow-up was needed for this.](JCIS-8-10-g015){#F11}

S[TEADY]{.smallcaps} S[TATE]{.smallcaps} F[REE]{.smallcaps} P[RECESSION]{.smallcaps} {#sec1-8}
====================================================================================

Tissues with a high T2/T1 ratio such as fluid, fat, and blood appear bright on steady-state free precession (SSFP) sequences, but tissues with low T2/T1 such as myocardium appear dark- to-intermediate. This sequence is ideal for evaluating global and regional myocardial function, cardiac volumes, cardiac, mediastinal \[[Figure 11](#F12){ref-type="fig"}, esophageal duplication cyst\], and pericardiac masses \[[Figure 12](#F13){ref-type="fig"}, neurofibroma\]. The functional consequences of pericardial constriction and cardiac tamponade \[[Video 1](#F5){ref-type="fig"}\] are best assessed using real-time cine SSFP sequences (diastolic collapse of the RV free wall, right atrial compression during early systole, exaggerated respiratory variation in cardiac inflow, paradoxical motion of the interventricular septum during inspiration). In addition, abnormal diastolic filling can be quantified by assessing ventricular volumes over time.\[[@ref3]\] When this sequence is used on 3 T MRI, banding artifacts are often seen.\[[@ref23]\] A frequency scout can identify the best phase for SSFP imaging on 3 T.\[[@ref24]\] Breath- held ECG-gated cine MRI using SSFP technique has been found useful to evaluate direct invasion of the adjacent cardiovascular structures by identifying presence or absence of sliding motion between the mass and adjacent structures.\[[@ref25]\] Such images are usually obtained in two orthogonal planes, perpendicular to the suspected site of invasion \[[Figure 13](#F14){ref-type="fig"}, [Video 2](#F15){ref-type="fig"}, cystic thymoma\]. Invasion can be excluded if the mass moves without being tethered to the underlying mediastinal structures. A non-ECG-gated single-shot turbo spin echo sequence with half Fourier transformation has also been found to be very useful for evaluating local invasion by lung cancer.\[[@ref26]\] Such a sequence can be very useful when there is poor ECG gating in the presence of arrhythmias.

![Axial computed tomography (a) in a patient with chest and abdomen pain demonstrates a cystic lesion in the posterior mediastinum; this can be a lymph node or an esophageal duplication cyst (white arrow). Bright blood, steady state-free precession sequence (b) more definitively demonstrates this to be attached to the esophagus. This finding is consistent with an esophageal duplication cyst. These cysts can be lined with gastric mucosa which is prone to infection, perforation and hemorrhage.](JCIS-8-10-g016){#F12}

![A 17-year-old patient with NF1 who had been evaluated with yearly computed tomography for mediastinal neurofibromas demonstrated a slowly increasing pericardial effusion on serial contrast-enhanced computed tomography (a). Magnetic resonance imaging was requested for further characterization the pericardial effusion. Steady state-free precession (b) image clearly demonstrated a pericardial mass besides the pericardial effusion (white arrow). Imaging characteristics of this mass is similar to that of the other mediastinal, cervical (c), and cranial (not shown) lesions. This lesion had signal characteristic\'s similar to the other mediastinal neurofibromas. Subsequent positron emission tomography-computed tomography (d) demonstrated similar low-level uptake (SUV max of \< 2) in all these lesions. This suggests a pericardial neurofibroma in addition to the increasing pericardial effusion.](JCIS-8-10-g017){#F13}

![A 54-year-old patient presenting with chest pain in the ED. Chest radiograph demonstrated a mediastinal mass. Noncontrast computed tomography (a) obtained to better delineate this finding demonstrates a solid cystic lesion. Contrast medium could not be administered due to acute on chronic renal failure. A noncontrast magnetic resonance imaging was requested to evaluate for mediastinal invasion. steady state-free precession (b, [Video 2](#F15){ref-type="fig"}) demonstrates the presence of sliding movement between this lesion and left ventricle, thus excluding invasion. Overlying pericardium, however, did not demonstrate sliding motion, raising the possibility of pericardial adherence which was confirmed at the time of surgery. Pathology demonstrated a cystic thymoma.](JCIS-8-10-g018){#F14}

###### 

Breath held axial cine steady-state free precession image demonstrates a (paracardiac cystic lesion with focal adherence to the pericardium. However, the underlying left ventricle is moves freely confirming lack of myocardial invasion.

![](JCIS-8-10-g019){#graphic2}

R[EAL]{.smallcaps}-T[IME]{.smallcaps} C[INE]{.smallcaps} {#sec1-9}
========================================================

Dynamic respiratory MRI \[[Video 3](#F16){ref-type="fig"}, lung cancer\] has been used to evaluate for tumor invasion into the chest wall or pleura.\[[@ref27]\] These images are obtained using a snapshot fast-field echo with 25--30 images obtained while the patient takes deep breath in and out. Real-time imaging sequences tend to have low spatial resolution, but high temporal resolution which is useful for assessment of rapid physiologic changes. Imaging plane is prescribed perpendicular to the site of suspected invasion. When assessing for lung cancer invasion into chest wall or mediastinum, usually no ECG gating is needed. Five-to-eight images maybe obtained to assess the site of invasion. Similar to cine SSFP, the presence of sliding motion implies absence of invasion while restricted motion suggests invasion. These sequences have been found to be very useful in evaluating pericardial constriction also.\[[@ref3]\]

###### 

Dynamic real-time cine magnetic resonance imaging in a patient with lung cancer and suspected myocardial invasion on computed tomography clearly identifies unrestricted sliding motion of the left ventricle while the pericardium demonstrates restricted motion and adherence to the lung cancer.

![](JCIS-8-10-g020){#graphic3}

D[IFFUSION]{.smallcaps}-W[EIGHTED]{.smallcaps} I[MAGING]{.smallcaps} {#sec1-10}
====================================================================

Diffusion of water molecules in malignant tumors is usually restricted compared to that in normal tissue, resulting in a decreased apparent diffusion coefficient (ADC) value in malignant lesions. Calculation of this ADC value can be used to differentiate benign from malignant mediastinal lesions. Diffusion-weighted imaging (DWI) images can be obtained as multislice single shot nonbreathold spin echo EPI. Respiratory trigger or breath hold can also be used with the diffusion gradient applied to three orthogonal directions (x, y and z). A frequency selective radiofrequency pulse is applied before the DWI pulse to obtain fat saturation. Necrosis, inflammation, and benign lesions are characterized by increased diffusivity, and thereby higher ADC values. Different thresholds have been suggested to identify benignity using a 1.5 T MRI; ADC value of \>1.22 × 10^−3^ mm^2^/s for lymph nodes,\[[@ref28]\] 1.56 × 10^−3^ mm^2^/s for mediastinal tumors,\[[@ref29]\] and also 1.85 × 10^−3^ mm^2^/s\[[@ref30]\] \[[Figure 14](#F17){ref-type="fig"}, lymphoma\]. Malignant lymph nodes are more likely to appear hypointense than hyper or mixed intensity on these ADC maps. High B value DWI images with ADC \>2.5 × 10^−3^ mm^2^/s can help distinguish benign cysts from cystic neoplasms.\[[@ref31]\] In patients with lung cancer, DWI imaging can also help differentiate malignant lymph nodes with an optimal 1.70 × 10^−3^ mm^2^/s.\[[@ref32]\] ADC value is measured by placing a region of interest (ROI) either on a single slice, multiple slices or the entire volume. It is preferable to measure the ADC by placing the ROI over the solid portion of the lesion. Whole tissue volume measurements method of placing the ROI provides the most reproducible ADC values.\[[@ref33]\] Perfusion-free ADC measurements improve diagnostic accuracy of diffusion-weighted MRI in differentiating benign conditions from malignancies of the anterior mediastinum with an ADC cutoff of 1.52 × 10^−3^ mm^2^/s.\[[@ref34]\]

![A 23-year-old patient presenting with chest pain. Axial contrast-enhanced computed tomography (a) obtained in the emergency department demonstrates a mediastinal mass. With prior history of treated lymphoma, this was concerning for recurrence. What else can imaging tell without doing a biopsy? Diffusion-weighted magnetic resonance imaging (b: B value of 0, C: B value of 50 and c: B value of 500) demonstrated restricted diffusion with an ADC value of \< 1.39 × 10 (-3) mm^2^/s, indicating a malignant lesion, which was confirmed on biopsy. Measurement of ADC can be used to identify lymphoma that will response to treatment and also to assess response to treatment. Contrast-enhanced computed tomography (e) in a different 16-year-old patient demonstrating a subcarinal lesion. Is this a bronchogenic cyst or an enlarged lymph node? Restricted diffusion identified confirming this to be a lymph node (diffusion-weighted imaging \[f\], ADC map \[g\]). Increased fluoro-D-glucose uptake is noted on the concurrent positron emission tomography magnetic resonance imaging (h).](JCIS-8-10-g021){#F17}

D[YNAMIC]{.smallcaps} C[ONTRAST]{.smallcaps}-E[NHANCED]{.smallcaps} M[AGNETIC]{.smallcaps} R[ESONANCE]{.smallcaps} I[MAGING]{.smallcaps} {#sec1-11}
========================================================================================================================================

Dynamic contrast-enhanced MRI is obtained as a volumetric 3D gradient recalled echo sequence. Initial noncontrast phase is followed by arterial, venous, and delayed phases using a breath hold after administration of gadolinium-based contrast agent. These images are useful to identify solid from necrotic regions in a heterogeneous mediastinal mass or abscess \[[Figure 15](#F18){ref-type="fig"}\]. Some researchers have also used additional phases, which are useful for obtaining time signal intensity curves.\[[@ref19]\] Malignant lymph nodes tend to demonstrate early enhancement with slow decrease \[[Figure 16](#F19){ref-type="fig"}, metastasis from hepatocellular carcinoma\] versus granulomatous lymph nodes demonstrating delayed enhancement.\[[@ref35]\] A washout pattern has been described in patients with thymic epithelial tumors versus a persistent or plateau pattern in thymoma \[[Figure 17](#F20){ref-type="fig"} chest wall by thymoma\], thymic carcinoma, lymphoma, and germ cell tumors.\[[@ref19]\] Dynamic-enhanced CT has been used to identify a mediastinal hemangioma\[[@ref36]\] and a similar sequence can also be used with MRI to identify these lesions \[[Figure 18](#F21){ref-type="fig"}, hemangioma\]. Herniation of liver through a diaphragmatic defect can mimic a paracardiac mass; however, identification of enhancement pattern similar to rest of the liver parenchyma can be used to correctly identify such a lesion \[[Figure 19](#F22){ref-type="fig"} hepatic herniation\]. These sequences can also be used to better assess paracardiac vascular lesions such as paraesophageal varix \[[Figure 20](#F23){ref-type="fig"}\], aneurysms, pseudoaneurysms, arterial, venous, or arteriovenous malformations also. Supplementation of DWI by DC-MRI may help in differentiation of benign from malignant pleural disease.\[[@ref37]\] Invasion of adjacent structures can be identified by irregular interface between the mass and adjacent structures, protrusion into adjacent structures, or enhancement of the contact structure \[[Figure 17](#F20){ref-type="fig"} chest wall by thymoma\]. Contrast-enhanced MRI can demonstrate the nodular enhancement, similar to the fluoro-D-glucose uptake on positron emission tomography-CT, seen with mesothelioma that can be difficult to identify on CT \[[Figure 21](#F24){ref-type="fig"}\].

![A 2-year-old patient with septicemia presenting to the ED, radiograph of thorax depicted a widened mediastinum. Contrast enhanced computed tomography (a) demonstrated a mediastinal mass. Initial computed tomography-guided biopsy was nondiagnostic. Magnetic resonance imaging was obtained for further characterization. T1 (b) and T2 (c, slightly lower) images demonstrate a predominantly cystic collection was heterogeneous enhancement a thickened, irregular rim. Enhanced (d) image demonstrates rim enhancement, consistent with an abscess.](JCIS-8-10-g022){#F18}

![Axial staging contrast enhanced computed tomography (a) demonstrates a prominent cardiophrenic lymph node in a patient with known hepatocellular carcinoma. Is this benign or malignant? Arterial phase postcontrast (b) and subtraction images (c) of dynamic contrast-enhanced magnetic resonance demonstrate arterial washing similar to primary hepatic cancer. This finding was later confirmed with a positron emission tomography which also which demonstrated increased fluoro-D-glucose uptake.](JCIS-8-10-g023){#F19}

![Noncontrast computed tomography (a) demonstrates a large mass involving the mediastinum and abutting the left chest wall. With focal anterior chest wall pain, there was concern for chest wall invasion not identified on computed tomography. Staging positron emission tomography-computed tomography (b) demonstrates intense fluoro-D-glucose uptake, but still no focal anterior chest wall enhancement. Postcontrast delayed phase magnetic resonance imaging (c) with fat suppression shows that the lesion is invading the chest wall. This is the incremental value of magnetic resonance imaging over computed tomography and positron emission tomography.](JCIS-8-10-g024){#F20}

![Staging contrast-enhanced computed tomography in a patient with colon cancer demonstrates (a) a pericardial mass. This is an unusual location for an oligometastasis. Short-axis steady-state free precession (b) image demonstrating a pericardial lesion separate from the pericardial effusion and separate from the myocardium (white arrow). Pre- (c) and post-contrast (d) images demonstrating slow peripheral filling and persistent enhancement, consistent with a hemangioma. (white arrow).](JCIS-8-10-g025){#F21}

![Surveillance contrast computed tomography scan in a patient with a history of renal cell carcinoma demonstrates a right paracardiac lesion (a: axial, b: coronal). Is this a new metastasis? With recent history of trauma, a complication of trauma was also suspected. On noncontrast steady-state free precession (c) and delayed postcontrast (d) magnetic resonance images the signal intensity of this lesion is similar to adjacent liver parenchyma. On the coronal image, a hepatic vein branch can also be seen traversing the diaphragmatic defect, thus confirming this to be a postblunt trauma, diaphragmatic injury with focal hepatic herniation.](JCIS-8-10-g026){#F22}

![Surveillance contrast-enhanced computed tomography (a) in a patient with a history of hepatocellular carcinoma and liver transplant demonstrates tubular and cystic structures abutting the esophagus. Are these all paraesophageal venous varix? Postcontrast enhanced venous and delayed phase (b and c) magnetic resonance imaging demonstrate enhancement in the tubular structures consistent with varix. A hypointense lesion remains nonenhancing on delayed (white arrow) confirming these to be dilated veins in most of these except for the cystic lesion. Axial respiratory triggered T2 (d) demonstrates fluid signal intensity in this cystic lesion (star). This is likely abdomen ascites in the small paraesophageal hernia sac.](JCIS-8-10-g027){#F23}

![Mesothelioma. Axial contrast-enhanced computed tomography (a) in a patient with slowly increasing left pleural effusion demonstrates subtle posterior nodularity concerning for malignant effusion. Axial T2-weighted (b) and contrast enhanced (c) magnetic resonance imaging clearly identified nodular thickening of the costal and mediastinal pleura suspicious for a malignancy (white arrow). Thoracentesis and pleural biopsy confirmed the diagnosis of mesothelioma. Subsequently obtained positron emission tomography-computed tomography (d) demonstrates diffuse and focal pleural fluoro-D-glucose uptake which is similar to the contrast enhanced magnetic resonance imaging (e). In addition, focal extension into the intercostal space anteriorly is also seen (c, arrow).](JCIS-8-10-g028){#F24}

F[IRST]{.smallcaps} P[ASS]{.smallcaps} P[ERFUSION]{.smallcaps} {#sec1-12}
==============================================================

Resting perfusion images have been used in cardiac imaging to identify the regions of decreased perfusion. In neuroimaging, these images are often used for stroke protocol to identify brain parenchyma with decreased perfusion. This sequence thus helps identify tissue at risk for infarction and has both cardiac\[[@ref38]\] and brain\[[@ref39]\] applications. In addition, perfusion imaging of brain tumors\[[@ref40]\] is routinely performed to identify the patterns of enhancement and assess response to treatment. More recently, perfusion imaging has been used for assessment of hepatocellular carcinoma\[[@ref41]\] and renal cell cancer.\[[@ref42][@ref43]\] In future, similar imaging techniques may find potential uses in assessment of mediastinal and paracardiac tumors. An additional advantage of a perfusion sequence is to identify if the paracardiac lesion is vascular in origin and communicates either with the cardiac chambers or coronary vessels.\[[@ref44]\]

D[ELAYED]{.smallcaps} E[NHANCED]{.smallcaps} {#sec1-13}
============================================

Postgadolinium-enhanced MRI is increasingly being used to identify scar from ischemic heart diseases, cardiomyopathy, and intracavitary thrombus.\[[@ref45][@ref46]\] Thrombus is avascular, therefore, there is no gadolinium uptake. With long-inversion-time imaging (Inversion time = 600 ms), regions with normal contrast uptake such as viable myocardium increase in signal intensity appearing gray, whereas thrombus appears homogeneously dark as there is no gadolinium uptake.\[[@ref47]\] In our experience, similar imaging appearance can be seen with mediastinal or pericardial hematomas, which are avascular \[[Figure 22](#F25){ref-type="fig"}\]. Care must be taken while interpreting these as peripheral enhancement can be seen due to associated pericarditis.

![Axial computed tomography (a) in a patient with hepatocellular carcinoma left paracardiac mass. Is this benign or malignant? steady state-free precession sequence (b) from magnetic resonance imaging demonstrates heterogeneous signal intensity. Postcontrast delayed enhanced image at a longer inversion time (600 ms) demonstrates no enhancement (c) in this (white arrow). This is consistent with a pericardial organized hematoma/thrombus.](JCIS-8-10-g029){#F25}

C[ONCLUSION]{.smallcaps} {#sec1-14}
========================

CT is often the diagnostic modality of choice for identification of mediastinal lesions and most often answers most of the clinical questions. However, there is incremental value of MRI for further characterization of paracardiac mediastinal lesions considered indeterminate on CT or when confirmation of tumor invasion into adjacent structures is needed. MRI is emerging as a tool for "virtual biopsy" for mediastinal masses and may become an important imaging modality to assess early tumor response to treatment, preceding diminution of tumor size. These very sick patients may not be able to perform breath holds required for multiple sequences. Protocols for each exam should be individualized to optimize diagnostic yield in context of the magnified time constraints in these patients. A judicious and tailored approach to imaging this subset of patients will be instrumental towards building a successful thoracic MRI practice that looks beyond the cardiac indications of thoracic MRI.
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